The homoarginine technique has been suggested as a means to determine true ileal amino acid digestibilities in nonruminant animals fed proteincontaining diets. Conditions for guanidinating lysine to homoarginine in barley and canola meal and the effect of this process on nutrient composition and ileal digestibilities in the resulting material were investigated. Conditions tested were methylisourea concentration (0.4, 0.5, or 0.6 M) and reaction time (4 or 6 d) at pH 10.5. Using 0.4 methylisourea M solution for 4 or 6 d gave guanidination rates of 72.5 and 78.5% for barley and 72.3 and 75.2% for canola meal, respectively. Using 0.5 M gave 88.0 and 84.6% guanidination rates in barley and canola meal, respectively, after a 6-d reaction time. Under these conditions, guanidination did not change the nutrient composition of barley (P > 0.10), whereas it increased CP (38.4 vs 49.0%), crude fiber (10.2 vs 16.0%), acid detergent fiber (30.0 vs 43.4%) and neutral detergent fiber (29.8 vs 49.4%) levels in canola meal (P < 0.05). Four 33.6-kg barrows fitted with a simple Tcannula at the terminal ileum were fed a 16% CP ungu-
Introduction
The conversion of dietary lysine into homoarginine in a guanidination reaction with methylisourea (MIU) has been suggested as a method for measuring true ileal amino acid digestibilities and endogenous gut amino acid losses in nonruminant animals fed proteincontaining diets (Hagemeister and Erbersdobler, 1985; Marty et al., 1994) . Although most of the assumptions underlying the use of this technique have been validated in experiments using purified dietary protein 
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anidinated barley and canola meal-based diet for four consecutive 14-d periods. Ileal digesta were collected continuously for 24 h on d 12 and 14 to determine apparent nutrient digestibilities. On the morning of d 14, pigs were fed a diet in which half of the barley and canola meal was replaced with guanidinated material for determining true ileal amino acid digestibilities. Digesta samples were pooled by pig and by 24-h period to give 16 observations per diet. Apparent ileal digestibilities of DM, CP, and AA in the unguanidinated and guanidinated barley-canola meal diet were similar (P > 0.10) despite the changes observed in canola meal. Apparent ileal lysine digestibility was 73.9 and 74.5% in the unguanidinated and guanidinated diet, respectively. The true ileal lysine digestibility was 88.1%. The present results show that guanidination does not interfere with digestion and further support the use of the homoarginine method for determining true ileal amino acid digestibilities in pigs fed practical diets. A methylisourea solution of 0.5 M and a 6-d reaction time are recommended for converting lysine to homoarginine in barley and canola meal. sources, only a few studies have determined whether these assumptions apply to commonly used feedstuffs (Angkanaporn et al., 1997; Ravindran et al., 1998) . A key assumption is that a representative proportion of dietary lysine is converted to homoarginine, which may require a high degree of lysine guanidination (Rutherfurd and Moughan, 1990; Siriwan et al., 1994; Hodgkinson and Moughan, 2000) . The extent of lysine conversion is known to vary with guanidination conditions and protein source (Maga, 1981; Rutherfurd and Moughan, 1990) . This suggests that optimal guanidination conditions should be established for individual feedstuffs commonly used in diets for nonruminant animals. Furthermore, the effect of the guanidination process, which involves several washing steps (Marty et al., 1994; Nyachoti et al., 1997b) , on nutrient content and digestibility in the resulting material has not been fully investigated.
The current study was conducted to determine the extent of the conversion of lysine to homoarginine in barley and canola meal under different guanidination conditions. The effect of guanidination on the chemical composition of barley and canola meal and on apparent ileal DM, CP, and AA digestibilities in a barley and canola meal-based diet was also investigated. True ileal digestibilities of crude protein and amino acids in the diet were estimated as well.
Materials and Methods

Materials and the Guanidination Procedure
O-Methylisourea (O-MIU) (Pfalzer and Bayer, Connecticut, OH), barium hydroxide, hydrochloric acid (reagent grade), and sodium hydroxide (Sigma Chemicals, St. Louis, MO) were used as agents in this study. The MIU solutions were prepared by reacting O-MIU with barium hydroxide in degassed boiling double-distilled water (68.92, 86.13, and 103 .35 g of O-MIU were reacted with 126.2, 157.75, and 189.30 g of barium hydroxide to give 0.4, 0.5, and 0.6 M MIU solutions, respectively), followed by centrifugation at 4,000 × g. The supernatants were decanted into 1-L volumetric flasks. The precipitate was washed, centrifuged, and the supernatant added to the contents of the volumetric flask. The total volume was brought to mark with double-distilled water to give the appropriate concentration of MIU. Barley (12% CP) and canola meal (36% CP) were ground to pass through a 1-mm screen before use. Casein (89% CP) was included in the initial steps as a reference material because this technique was being used for the first time in our laboratory, and, unlike barley and canola meal, it has been widely used as a substrate in guanidination reactions (Schmitz et al., 1991; Barth et al., 1993; Siriwan et al., 1994) .
Three consecutive assays were conducted. In Assay 1, the procedure described by Schmitz et al. (1991) and Marty et al. (1994) was used to determine the extent of guanidination in casein, barley, and canola meal. Briefly, samples of each ingredient containing 50 g of CP were weighed out in duplicate, soaked in 0.25 L of double-distilled water, and then thoroughly mixed with 0.25 L of 0.4 M MIU solution. The pH of the mixture was adjusted to 10.5 using 1 M NaOH before incubating the mixture at 4°C for 4 d. The mixture was thoroughly stirred to ensure uniform conditions. The pH was adjusted once daily during incubation. Assay 2 was conducted to investigate whether increasing MIU concentration and incubation period increases the extent of lysine conversion to homoarginine in barley and canola meal. Duplicate samples of each ingredient were mixed with either 0.5 or 0.6 M MIU and incubated as described above for either 4 or 6 d. These aspects of guanidination conditions were evaluated because they have a direct impact (cost and time required) on the routine application of this technique. Another set of duplicate samples was reacted with 0.4 M MIU and incubated for only 6 d. Based on the results of Assay 2, eight large samples (calculated to containing 200 g of CP) of barley and canola meal were guanidinated in Assay 3 using 1 L of 0.5 M MIU solution and a 6-d incubation period for inclusion in the experimental diet evaluated in a digestibility study, as described below. Guanidination reactions were stopped by lowering the pH to the isoelectric point of each protein (barley, 5.6; canola meal, 4.6) using 1 M HCl (Sosulski and Bakal, 1969; Preaux and Lontie, 1975) . Samples were then centrifuged at 4,000 × g and 4°C to recover the guanidinated protein. The material was then washed and centrifuged three times with water whose pH was adjusted to the isoelectric point of each protein source to remove excess MIU and then freeze-dried. Samples were then taken for chemical analysis. Compositional changes (chemical and amino acid composition) following guanidination were determined only in Assay 3 because samples from that assay were used in diets for the digestibility assay. The remaining materials were refrigerated until required for diet preparation.
Digestibility Study: Animals, Housing, and Diets
Four Yorkshire growing barrows with an average initial body weight of 28 ± 2 kg were obtained from the University of Guelph Arkell Swine Research farm for use in the present study. Pigs were housed in large (0.91 × 1.52 m) adjustable metabolism cages with smooth, transparent plastic sides and plastic-covered woven metal flooring in a temperature-controlled (20 to 22°C) room. After a 7-d adaptation period, pigs were surgically fitted with a simple T-cannula (20 mm i.d.; Central Hydraulics Mfg. Co. Ltd., Edmonton, Alberta) at the terminal ileum following the procedures described by Sauer et al. (1983) . The design of the cannulas was modified according to de Lange et al. (1989) . After surgery, the pigs were immediately returned to the metabolism cages and allowed a 14-d recovery period. During this period they were fed twice daily increasing amounts of a corn and soybean meal-based pig starter diet and had unlimited access to water. The use of animals in the present study was reviewed and approved by the Animal Care Committee of the University of Guelph, and the pigs were cared for according to the guidelines of the Canadian Council on Animal Care. After the study, the pigs were killed to determine whether cannulation had caused any intestinal abnormalities.
Both barley and canola meal were ground in a hammer mill through a 2-mm screen prior to preparing the experimental diets (Table 1 ). The guanidinated diet was prepared by replacing 50% of the barley and canola meal with guanidinated material. The guanidination conditions (0.5 M MIU, 6-d incubation) were described earlier. Sucrose was included in the diets to improve palatability. Vitamins and minerals were supplemented to meet or exceed NRC (1988) recommendations. Chromic oxide (0.5%) was included in both the unguanidinated and the guanidinated diet as an indigestible marker for determining apparent nutrient digestibilities. An additional marker, titanium oxide (0.5%), was included at the expense of sucrose in the guanidinated diet for determining the contribution of the guanidinated diet to digesta collected on d 14 and for determining true ileal amino acid digestibilities (Marty et al., 1994; Nyachoti et al., 1997b) .
General Conduct of Digestibility Study
After recovering from surgery, the pigs were offered equal amounts of the unguanidinated diet twice daily at 0800 and 2000 as a wet mash with a water-to-feed ratio of 2:1. Additional drinking water was available from low-pressure drinking nipples. Pigs were fed at 2.6 times maintenance energy requirement (ARC, 1981) . Feeding levels were adjusted weekly based on body weight. The experiment was conducted over four consecutive 14-d experimental periods. During each experimental period, the unguanidinated diet was replaced with guanidinated diet for the morning feeding on d 14 only. Feed refusals and spillage were recorded and used to determine actual DMI.
During the experimental periods, ileal digesta was collected continuously for a 24-h period on d 12 to determine apparent ileal amino acid digestibilities in the unguanidinated diet. On d 14, following feeding of the guanidinated diet, digesta were again continuously collected for 24 h for determining apparent and true ileal amino acid digestibilities in the guanidinated diet. Digesta were collected through soft transparent plastic tubes (4 cm i.d.; Alpine Plastics Ltd., Edmonton, Alberta) which were attached to the barrel of the T-cannulas as described by de Lange et al. (1989) . The lower section of the tube was filled with 10 mL of 10% (vol/ vol) formic acid to minimize bacterial activity, clamped shut, and kept immersed in a plastic container filled with ice water. Every 1 to 2 h, the collected digesta were removed and immediately frozen at −20°C until further processing.
Sample Preparation and Chemical Analysis
Digesta samples were pooled per pig and by 24-h collection period prior to freeze-drying. Dried digesta samples along with samples of the unguanidinated and guanidinated diets, barley, and canola meal were ground in a Wiley mill through a 0.5-mm screen and thoroughly mixed prior to analyses. All samples were assayed for proximate analysis using standard procedures (AOAC, 1990) . Acid detergent fiber and NDF were determined by using methods described by Goering and Van Soest (1970) . Amino acid contents including homoarginine were determined by high-performance liquid chromatography following hydrolysis with 6 M HCl in sealed, evacuated tubes at 110°C for 24 h (Bidlingmeyer et al., 1987) . The sulphur-containing amino acids and tryptophan were not determined. Chromic oxide and titanium oxide were determined using the method of Fenton and Fenton (1979) and flame atomic absorption spectrophotometry (Everson, 1975) , respectively. All analyses were conducted in duplicate.
Calculations and Statistical Analysis
The extent of conversion (%) of lysine to homoarginine was calculated as
where MC HA and MC LYS are the molar concentrations (mol/kg DM) of homoarginine and lysine, respectively. Loss of material due to the guanidination process was calculated as the difference in dry weight between the original (unguanidinated) and the final (guanidinated and freeze-dried) samples. Apparent ileal amino acid and CP digestibilities (AD) were calculated using chromic oxide based on the following formula: and digesta, respectively. For the apparent lysine digestibilities in the guanidinated diet, these calculations were conducted on a molar basis and the amounts of lysine and homoarginine in either diet or digesta were summed (1 mol of lysine yields 1 mol of homoarginine following guanidination) to give the total amount of lysine. There were slight differences in the concentration of chromic oxide and nutrients in the unguanidinated and guanidinated diets (5.5 vs 5.2 g/kg DM for chromic oxide). To account for this, titanium oxide (TiO) concentration in the guanidinated diet and ileal digesta collected on d 14 were used to calculate a weighted average chromic oxide or nutrient concentration in the diets that contributed to ileal digesta collected on d 14.
The following formula was used:
The flow of endogenous lysine and other amino acids as well as their true ileal digestibilities were calculated according to Nyachoti et al. (1997b) .
Data were subjected to analysis of variance using the GLM procedures of SAS (SAS Inst. Inc., Cary, NC). Lysine conversion data were analyzed separately for barley and canola meal as the response to changes in guanidination conditions differed between these two feedstuffs. Both MIU concentration and incubation time and the their interaction were included in the model as sources of variation. For the digestibility data, diet, experimental period, pig, and body weight (covariable) were included as sources of variation. When a significant F-value for treatment (P < 0.05) was observed in the analysis of variance, treatment means were compared using either Duncan's multiple-range test or a t-test as appropriate (Steel and Torrie, 1980) .
Results and Discussion
General
Both the barley and canola meal samples formed a thick gruel once mixed with MIU and the pH was adjusted to 10.5. This made it more difficult to maintain a homogenous reaction mixture as compared with the casein sample. During washing and centrifugation, barley formed a very hard pellet that required considerable effort to pulverize between washings. However, a simpler procedure for large-scale guanidination of casein and soybean meal, described by Imbeah et al. (1996) , may help to overcome such difficulties.
Rates of Lysine Conversion into Homoarginine
The extent of lysine conversion into homoarginine in the casein sample (89.2%) was within the range of values reported in the literature (99.6%, Schmitz et al., 1991; 97%, Barth et al., 1993; 66.1%, Siriwan et al., 1994) . Although this suggests that the guanidination procedures were conducted properly, a slightly higher extent of lysine guanidination was expected for casein because it is a purified protein whose lysine residues should be easily accessible to MIU. Furthermore, the procedure used in Assay 1 was similar to that used by Schmitz et al. (1991) and gave a 99.6% guanidination rate. The present study does indicate that differences in casein source and perhaps assay conditions (i.e., chemical reagents, reaction period, etc.) could lead to differences in lysine guanidination in the same type of material. This is likely the reason for the low guanidination rate (66.1%) reported by Sirwan et al. (1994) who used a 24-h reaction period at 4°C as opposed to 96 h used in the present study and by Schmitz et al. (1994) . The extent of lysine conversion in barley and canola meal in Assay 1 (MIU solution of 0.4 M for 4 d) and according to procedures described by Schmitz et al. (1991) were 72.5 and 72.3%, respectively ( Table 2) . The values for barley (range from 72.5 to 88.0%) were substantially higher than those reported for other cereals, such as corn (57.3%), sorghum (61.2%), and wheat (62.6%) (Siriwan et al., 1994) . In canola meal, the extent of lysine conversion (from 72.3 to 86.0%) was within the range of values reported for soybean meal, a similarly processed oilseed meal (78%, Marty et al., 1994; 68.8%, Siriwan et al., 1994; 79.8%, Imbeah et al., 1996) .
There were interactive effects (P < 0.05) of MIU concentration and incubation time on the extent of lysine conversion into homoarginine in canola meal but not in barley. There was an increase (P < 0.05) in the extent of lysine conversion in both the barley and canola meal samples and at both incubation periods as the MIU concentration was increased from 0.4 to 0.5 M ( Table  2) . Increasing the MIU concentration beyond 0.5 M did not further increase (P > 0.10) the extent of lysine conversion in barley after 4 d of incubation. However, an increase (P < 0.05) in the extent of lysine conversion was observed for canola meal following a 4-d incubation period. The current observation that increasing MIU concentration increases the extent of lysine conversion to homoarginine agrees with earlier data by Maga (1981) . However, our findings contradict observations suggesting that increasing the MIU concentration from 0.4 to 0.6 M does not affect lysine conversion rates (Imbeah et al., 1996) . This discrepancy may be explained by the fact that Imbeah et al. (1996) used casein, which is a more homogenous protein source than barley and canola meal. Lengthening the incubation period from 4 to 6 d resulted in increases in the extent of lysine conversion to homoarginine in all proteins when reacted with a MIU solution of 0.4 M. Only in canola meal did lengthening the incubation time increase (P < 0.5) lysine conversion into homoarginine when reacted with 0.5 M MIU solution (P < 0.05) whereas it decreased (P < 0.05) lysine conversion at 0.6 M MIU. It should be noted that manipulating the guanidination conditions Within a row and incubation period, means without a common superscript letter differ (P < 0.05).
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Within a row and MIU concentration, means without a common superscript letter differ (P < 0.05).
(particularly with regard to increasing MIU concentration) should be done with caution as this may interfere with the availability of some nutrients in treated samples (de Vrese et al., 1995) . Also, due to a high variability in guanidination rates within ingredients across various studies, continued investigations into the conditions that influence guanidination are warranted. The purpose of converting dietary lysine into homoarginine is to distinguish exogenous dietary lysine from endogenous lysine in ileal digesta. To reliably apply this technique, it is important that a representative or random proportion of dietary lysine is converted into homoarginine. This is unlikely achieved at low levels of conversion as shown by Siriwan et al. (1994) . It was not determined whether or not a representative or random proportion of lysine was converted into homoarginine in the protein sources used in the current study. However, given the high levels of conversion obtained in barley and canola meal when treated with 0.5 M MIU for 6 d, it is very likely that conversion of a representative proportion of lysine was indeed achieved. It has been stated that a high degree of guanidination results in improved precision in determining the contribution of lysine to endogenous amino acid losses (Rutherfurd and Moughan, 1990) . Furthermore, by following the ratios of homoarginine to other amino acids during sequential digestion of guanidinated proteins, Siriwan et al. (1994) observed little variation in amino acid ratios in proteins with high guanidination rates than those with lower guanidination rates. Consequently, these authors pointed out that for some proteins maximum conversion of lysine to homoarginine may be necessary to ensure random distribution of homoarginine. Based on the present study, it is recommended that a MIU concentration of 0.5 M and a 6-d incubation period should be used to convert lysine into homoarginine in barley and canola meal, and perhaps other plant protein sources. For barley and for canola meal, this recommendation is equivalent to a lysine:MIU ratio of 1:14 and 1:4, respectively. As indicated by Imbeah et al. (1996) as well, an excessive amount of MIU is required although the guanidination reaction requires only 1 mol of MIU per mole of lysine (Means and Feeney, 1971) .
The current study and others (Maga, 1981; de Vrese et al., 1995; Imbeah et al., 1996) show that the extent of guanidination is higher in animal proteins than in plant proteins. Reasons for this are not obvious. Close linkages between protein and other vegetable polymers may limit effective interaction between MIU and lysine residues, thus leading to lower conversion rates in plant protein sources (Nair et al., 1978; Rutherfurd and Moughan, 1990) .
Effects of Guanidination on Chemical Composition
Following a 6-d incubation period in 0.5 M MIU and subsequent washings, 22.8% (n = 8; SD = 2.7) of the original dry matter was lost from the barley sample compared with 25.8% (n = 7; SD = 4.2) from the canola meal sample. These losses are somewhat smaller than those obtained with Nutrisoy (31%) and soybean meal (28%) (Caine et al., 1997 (Caine et al., , 1998 . The loss of material during the washing procedure is likely a combination of representative material that was lost during homogenization of the material between washings and of material that was solubilized in the washing solution. These losses contribute to changes in chemical composition of the guanidinated material. As mentioned earlier, the barley samples formed a hard pellet after centrifugation. This may have reduced the loss of soluble components during subsequent washings in barley as compared with canola meal.
As a result of guanidination and freeze-drying, DM content in barley increased from 87.9 to 98.1%, whereas in canola meal it remained unchanged at about 88.4% (Table 3) . Crude protein content was unaltered in barley but increased by 10.6 percentage units in canola meal (Table 3) . The lysine conversion rates were 82 and 76% in the barley and canola meal samples, respectively. These values are slightly lower than those shown in Table 2 for similar guanidination conditions. This may be attributed to the increase in sample size, which may have made it more difficult to maintain uniform guanidination conditions in the reaction mixture. Based on these lysine conversion rates, increases in CP content of 0.3 and 1.5 percentage units were expected for barley and canola meal, respectively. Similarly, the increase in the sum of amino acid-N (Table 3 ; assuming amino acids not listed were affected similarly), due to guanidination, contributes to increases in CP contents of 1.9% and 15.3 percentage units in barley and canola meal, respectively. The observed increase in the CP content in the canola meal sample cannot be explained by the addition of 2 mol of N to lysine during guanidination to form homoarginine. The increased CP in canola meal could be attributed to a selective removal of nonprotein material during the guanidination process or to an incomplete removal of excess MIU-N during the washing. The residual MIU-N may be present in a free form, or it may have reacted with constituents other than lysine. Loss of material during the washing procedure is likely a combination of representative material that was lost during the process of homogenizing the material between washings and of material that was solubilized in the discarded supernate. These losses are partly reflected in changes in chemical composition as a result of guanidination. Caine et al. (1998) reported similar increases in CP in isolated soy protein products during guanidination (15 to 25%). Crude fiber, ADF, and NDF contents were increased considerably by 5.2, 13.4, and 19.6 percentage units whereas ash content was reduced by 30% in canola meal following guanidination (Table 3 ) but no such changes were observed in barley. This again indicates that the material lost during guanidination of canola meal is not representative of the original sample. It appears that soluble components in the guanidinated canola meal sample are removed to a larger extent than insoluble components such as fiber and protein. Moreover, some constituents in canola meal appear to react with MIU to form insoluble compounds that add to the analyzed fiber content. Based on a disappearance of approximately 26% of the material during guanidination, the maximum increase in content of any fiber fraction is 35%. This is much lower compared with the observed increase in crude fiber (50%) and NDF (66%) contents, indicating that guanidination interferes with analysis of fiber fractions. In hindsight, a more comprehensive analysis of dietary fiber should have been conducted to determine changes in soluble fiber components to help explain the observed changes. Crude fat content of the two feedstuffs was not altered due to guanidination, whereas the ash content was reduced by approximately 25% in both feedstuffs.
Effect of Guanidination on Nutrient Digestibility
The proximate analysis and chemical composition of the experimental diets are shown in Table 4 . For most amino acids and CP, the analyzed contents in the diets were similar to calculated values based on analyzed amounts in the barley and canola meal (Table 3) and their respective inclusion levels in the diets. The chromic oxide and titanium oxide contents were close to targeted values. The apparent ileal dry matter, crude protein, and amino acid digestibilities in the unguanidinated and guanidinated diets (Table 5) lysine (∼ 74%) observed in the current experiment was similar to that reported previously (Sauer and Thacker, 1986; Imbeah et al., 1988) but somewhat higher than reported by others (Fan et al., 1995; Within a row, means without a common superscript letter differ (P < 0.05).
1997b). There were no differences (P > 0.05) in the apparent ileal digestibilities of dry matter and crude protein between the unguanidinated and guanidinated diets. Digestibilities of all indispensable amino acids were not affected by guanidination (P > 0.05). Among the dispensable amino acids, differences (P < 0.05) were observed only for aspartic acid (Table 5 ). Based on these results, it is evident that the process of guanidination per se does not alter the apparent digestibility of dietary protein and amino acids. These observations corroborate results of others using purified proteins (Schmitz et al., 1991) . Endogenous lysine flow at the distal ileum was estimated to be 1,398 ± 305 (mean ± SEM) mg/kg dry mater intake. This observation is very similar to that determined by Nyachoti et al. (1997b) in growing pig fed a similar barley-canola meal diet using the homoarginine method. The true ileal CP and amino acid digestibilities, calculated according to Marty et al. (1994) and Nyachoti et al. (1997b) , are shown in Table 6 . The present data are in close agreement with previous results obtained with both the homoarginine method and 15 N isotope dilution technique in studies using similar diets (de Lange et al., 1989; Nyachoti et al., 1997b) . The observed true ileal digestibilities for most amino acids were slightly higher than those reported by NRC (1998) . This is to be expected because NRC (1998) values were determined by feeding a protein-free diet to estimate endogenous amino acids, a technique known to underestimate endogenous amino acid flow when feeding practical diets (Boisen and Moughan, 1996; Nyachoti et al., 1997a) .
In conclusion, the extent of lysine conversion into homoarginine varied with the type of protein and guanidination conditions, and much larger changes were observed in the chemical composition of canola meal following guanidination than those in barley. Apparent ileal digestibilities of CP and amino acids in a barley and canola meal-based diet were not affected by guanidination, and the observed true ileal amino acid digestibilities were within the range of previously reported values.
Implications
The guanidination of lysine in pig feed ingredients does not interfere with nutrient digestion, suggesting that the homoarginine method can be used for routine determination of true ileal amino acid digestibilities in commonly used feed ingredients. A methylisourea solution of 0.5 M and a 6-d reaction period are suggested when using the homoarginine technique for measuring endogenous gut amino acid losses and true ileal amino acid digestibilities in pigs fed barley and canola mealbased diets. As there is still a high variability in guanidination rates within ingredients across different studies, further research to refine guanidination conditions for a wide range of feed ingredients and to elucidate the impact that guanidination may have on the chemical composition of some ingredients is required.
